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The present invention is directed lo novel telomerase nucleic 
acids and amino acids. In particular, Ihe present invention is 
dktcled to nucleic acid and amino acid sequences encoding 
various telomerase protein subunits and motifs, including 
the 123 kDa and 43 kDa telomerase protein subunits of 
Euplotes aedicutatus, and related sequences from 
Schizosaccharorayces, Saccharomyces sequences, and 
human telomerase. The present invention is also directed lo 
polypeptides comprising these telomerase protein subunits, 
as well as functional polypeptides and ribonucleoproteins 
that contain these subunits. 
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Vai Trp Lys Asn Pro Thr Phe Phe Leu Arg Vol lie Ser Asp Thr Alo 
1025 1030 1035 1040 

Sec Leu Cys Tyr Ser He Leu Lys Alo Lys Asn Ala Gly Met Ser Leu 
1045 1050 1055 

Gly Ala Lys Gly Ala Ala Gly Pro Leu Pro Ser Glu Ala Val Gin Trp 
1060 1065 1070 

Leu Cye His Gin Ala Phe Leu Leu Lye Leu Thr Arg Hie Arg Val Thr 
1075 1080 1085 

Tyr Val Pro Leu Leu Gly Ser Leu Arg Thr Ala Gin Thr Gin Leu Ser 

1090 1095 * noo 

Arg Lys Leu Pro Gly Thr Thr Leu Thr Ala Leu Glu Alo Ala Ala Asn 
1105 *1110 Ills 1120 

Pro Ala Leu Pro Ser Asp Phe Lys thr Tie Leu Asp 
1125 1130 



Whal is claimed is: 

1. Ad isolated polynucleoude consistiDg of Ihe nucleic 
acid sequence shown in SEQ. ID. No. 1. 
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Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
900 905 910 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
915 920 925 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Tyr Xaa Xaa Xaa Xaa Gly Xaa 
930 935 940 

Xaa Gin Gly Xaa Xaa Xaa Ser Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
545 950 955 960 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
965 970 975 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
980 985 990 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Asp Asp Xaa Leu Xaa Xaa Xaa Xaa 
995 1000 1005 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa 
1010 1015 1020 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Lys 
i025 1030 1035 1040 



Whal is claimed is: 

V An isolated polypeptide consisting of the amino acid 
sequence shown in SEQ. ID. NO. 110. 

♦ * * + + 
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Tht present invention is directed to telomerase nucleic acids 
and amino acids. In particular^ the present invention is 
directed lo nucleic acid and amino acid sequences encoding 
various telomerase. protein subuuits and motifs, including 
the 123 kDa and 43 kOa telomerase protein subunits of 
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Vol Val Asn Leu Arg Lys Thr Va 1 Vol Asn Phe Pro Val GIu Asp Glu 
900 905 910 

Ala Leu Gly Gly Thr Ala Plie Val Gin Met Pro Ala His Gly Leu Phe 
915 920 925 

Pro Trp Cys Gly Leu Leu Leu Asp Thr Arg Thr Leu Glu Val Gin Ser 
930 935 940 

Aep Tyr Ser Ser Tyr Ala Arg Thr Ser He Arg Ala Ser Leu Thr Phe 
945 950 955 960 

Asn Arg Gly Phe Lys Ala Gly Arg Asn Met Arg Arg Lys Leu Phe Gly 
965 970 975 

Val Leu Arg Leu Lys Cys His Sec Leu Phe Leu Asp Leu Gin Val Asn . 
980 985 990 

Ser Leu Gin Thr Val Cys Thr Asn lie Tyr Lys He Leu Leu Leu Gin 
995 1000 1005 

Ala Tyr Arg Phe His AJa Cys Val Leu Gin Leu Pro Phe His Gin Gin 
10 10 1015 1020 

Val Trp Lye Asn Pro Thr Phe Phe Leu Arg Val He Ser Asp Thr Ala 
1025 1030 1035 1040 

Ser Leu Cys Tyr Ser He Leu Lys Ala Lys Asn Ala Gly Met Ser Leu 
1045 1050 1055 

Gly Ala Lys Gly Ala Ala Gly Pro Leu Pro Ser Glu Ala Val Gin Trp 
1060 1065 1070 

Leu Cys His Gin Ala Phe Leu Leu Lys Leu Thr Arg His Arg Vol Thr 
1075 1090 1065 

Tyr Val Pro Leu Leu Gly Ser Leu Arg Thr Ala Gin Thr Gin Leu Ser 
1090 1095 1100 

Arg Lys Leu Pro Gly Thr Thr Leu Tlir Ala Leu Glu Ala Ala Ala Asn 
1 105 1110 1115 1120 

Pro Ala Leu Pro Ser Acp Phe Lys Thr He Leu Aep 
1125 H30 



We claim: 

1. A synthetic or recooibioant human lelomerase reverse 
transcriptase {hlTlT) protein, or a variant thereof, or a 
fragment (hereof, wherein said variant is encoded by a 
polynucleotide that hybridizes under striogeul conditions to 
a polynucleotide having a sequence complementary to SEO 
ID NO: 224, and wherein said hTRT protein, variant, or 
fragment has tehnerase catalytic activity when complexed 
with a telonaerase RNA. 

2. A composition comprising the hTRT proleia of claim 1 , 
and further comprising an RNA, wherein the hTRT protein 
and the RNA form a lelomerase ribonucleic acid complex. 

3. An isolated, synthetic, substantially pure, or recombi- 
nant polynucleoiide comprising a nucleic acid sequence that 
encodes the hTRT protein, variant or fragment of claim 1, or 
the complement of said nucleic acid sequence. 

4. The polynucleotide of claim 1, comprising a promoter 
sequence operably linked to llie sequence encoding tlie 
hTRT protein. 

5. A isolated cell comprising the recombinant polynucle- 
otide of claim 3. 

6. A cell of claim 5 thai is a eukaryotic cell. 

7. An isolated, synthetic, substantially pure, or recombi- 
nant polynucleotide encoding a full-length naturally occur- 



40 

ring human telomerase reverse transcriptase (hTRl^ protein, 
said protein having 1132 amino acid residues. 

8. An isolated, synthetic, substantially pure, or recombi- 
nant polynucleotide encoding a full-length naturajly occur- 

45 ring human lelomerase reverse transcriptase (hTRT) protein, 
said protein having 1132 amino add residues, wherein said 
polynucleotide comprises the hTRT prolein encoding 
sequence of bases 56 to 3451 of Seq. ID. No. 224 (FIG. 53). 

9. The polynucleotide of claim 3, wherein (he encoded 
50 prolein has 1132 amino acid residues. 

10. The polynucleotide of claim 9, wherein said poly- 
nucleotide comprises an encoding region of bases 56-3451 
of SEQ ID NO: 224. 

11. A method of preparing recombinant telomerase, said 
55 method comprising contacting the recombinant hTRT pro- 
tein of claim 1 with a telomerase RNA component under 
conditions such that said recombinant protein and said 
telomerase RNA component associate lo fonii a lelomerase 
enzyme capable of catalyzing the addition of nucleotides to 

(50 a telomerase substrate. 

12. The method of claim 11, wherein said contacting 
occurs in a cell which has been engineered to express 
recombinant hTRT. 

+ t -T + )■ 
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The present invention is directed to novel telomerase nucleic 
acids and amino acids. In particular, the present invention is 
directed to nucleic acid and amino acid sequences encoding 
various telomerase protein subunits and motifs, including 
the 123 kOa and 43 kDa telomerase protein subunits of 
Euplotes aediculatus, and related sequences from 
Schizosaccharornyces, Saccharornyces sequences, ;tnd 
human telomerase. ITie present invention is also directed to 
polypeptides comprising these telomera.se protein subunits, 
as well as fimclional polypeptides and ribonucleoproteins 
that contain these subunits. 
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Pro Leu Arg Asp Ala Val Vol He Glu Gin Ser Ser Ser Leu Asn Giu 
785 790 795 800 

Ala Ser Ser Gly Leu Phe Asp Val Phe Leu Axg Phe Met Cys His His 
805 810 815 

Ala Val Arg He Acg Gly Lys Ser Tyr Val Gin Cys Gin Gly He Pro 
820 825 830 

Gin Gly Ser He Leu Ser The Leu Leu Cys Ser Leu Cys Tyr Gly Aep 
B35 840 845 

Met Glu Asn Lys Leu Phe Ala Gly He Arg Arg Asp Gly Leu Leu Leu 
850 855 860 

Arg Leu Val Asp Asp Phe Leu Leu Val Thr Pro His Leu Thr His Ala 
865 870 875 880 

Lys Thr Phe Leu Arg Thr Leu Val Arg Gly Val Pro Glu Tyr Gly Cys 
885 890 895 

Val Val Asn Leu Arg Lys Thr Val Val Asn Phe Pro Val Glu Asp Glu 
900 905 910 

Ala Leu Gly Gly Thr Ala Phe Val Gin Met Pro Ala His Gly Leu Phe 
915 92 0 9 25 

Pro Trp Cys Gly Leu Leu Leu Asp fhr Arg Thr Leu Glu Val Gin Ser 
930 935 940 

Asp Tyr Ser Ser Tyr Ala Arg Thr Ser He Arg Ala Ser Leu Thr Phe 
945 950 955 960 

Asn Arg Gly Phe Lys Ala Gly Arg Asn Met Arg Arg Lys Leu Phe Gly 

965- 970 975 

Val Leu Acg Leu Lys Cys His Ser Leu Phe Leu Asp Leu Gin Val Asn 
980 985 990 

Ser Leu Gin Thr Val Cys Thr Asn He Tyr Lys He Leu Leu Leu Gin 
995 1000 1005 

Ala Tyr Arg Phe His Ala Cys Val Leu Gin Leu Pro Phe His Gin Gin 
1010 1015 1020 

Val Trp Lys Asn Pro Thr Phe Phe Leu Arg Val He Ser Asp Thr Ala 
1025 1030 1035 1040 

Ser Leu Cys Tyr Ser He Leu Lys Ala Lys Asn Ala Gly Met Ser Leu 
1045 1050 1055 

Gly Ala Lys Gly Ala Ala Gly Pro Leu Pro Ser Glu Ala Val Gin Trp 
1060 1065 1070 

Leu Cys His Gin Ala Phe Leu Leu Lys Leu Thr Arg His Arg Val Thr 
1075 1080 1085 

Tyr Val Pro Leu Leu Gly Ser Leu Arg Thr Ala Gin Thr Gin Leu Ser 
1O90 1095 1 100 

Arg Lye Leu Pro Gly Thr Thtr Leu Thr Ala Leu Glu Ala Ala Ala Asn 
1105 1110 1115 1120 

Pro Ala Leu Pro Ser Asp Phe Lys Thr He Leu Asp 
1125 1130 



We claim; 

1. An isolated polypeptide coDsisting of the amiDO acid 
sequence shown in SEQ. ID. NO. 69. 

+ * * ♦ * 
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{2) INFORMATION FOR SEQ ID NO: 70: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Bxngle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "phosphorothioate oligonucleotide" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 70: 

GCGGGTGGCC ATCAGTCCAG GATGGTCTTG 30 



(2) INFORMATION FOR SEQ ID NO: 71: 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "phosphorothioate oligonucleotide" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 71: 

CAGACTCCCA GCGGTGCGGG CCTGGGTGTG 30 



(2) INFORMATION FOR SEO ID NO: 72: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 3 0 base pairs 
(D) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "phosphorothioate oligonucleotide" 

(xi) SEQUEIJCE DESCRIPTION: SEQ ID NO: 72: 

AGCCGGACAC TCAGCCTTCA GCCGGACATG 30 



What is claimed is: 

1. An isolated anlisense oligonucleotide that hybridizes lo 
a target DNA having the nucleotide sequence of SEQ. ID 
N0:1 at 5"* C. to 25" C. below T,„ in aqueous solution at 1 
M NaCl; 

wherein is the rnelling temperature of a corapleraen- 
tary oligonucleotide hybridized to the target DNA in 
aqueous solution at 1 M NaCl, wherein the comple- 
mentary oligonucleotide is exactly complementary to 
SEQ. ID N0:1 and the same length as the antisense 
oligomicieolide; and 

wherein hybridization of the antisense oligonucleotide to 
an mRNA encoding hTOT (SEQ. ID NO:l.)inhibils 
expression of the mRNA. 

2. Tlie oligonucleotide of claim I that hybridizes to the 
(argel DNA at S"" C. below T„,. 

3. The oligonucleotide of claim I that is DNA. 
4'- The oligonucleotide of claim 1 tliat is UNA. 

5. The oligonucleotide of cliiim 1 that comprises one or 
more synthetic nucleolides. 

6. The oligonucleotide of claim 5 that comprises a phos- 
phorothionie oligonucleotide. 



7. The ohgonucleotide of claim 1 that is from 20 to 100 
nucleolides in length. 

8. The oligonucleotide of claim 7 that is 30 nucleotides in 
length. 

9. Tlie oligonucleotide of claim 1 that is from 10 lo 50 
50 nucleotides in length. 

10. The oligonucleotide of claim 1 that comprises a 
sequence of about 7 to about 100 nucleolides that Ls exactly 
complementary lo SEQ. ID N0:1. 

11. The oligonucleotide of claim 10 that is from 20 lo 100 
nucleolides in length. 

12. The oligonucleotide of claim 11, wherein the oligo- 
nucleotide comprises a nucleotide .sequence selected from 
the group consisting of SEQ ID NOS;4-72. 

13. The oligonucleotide of claim 1J2, that is 30 nucleotides 
in length. 

14. llie oligonucleotide of claim 1, wherein said oligo- 
nucleotide reduces telomerase activity in a cell by at least 

50%. 

+ * + 41 + 
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Gin Vnl Asn Ser Leu Gin Thr Val Cys Thr Asn lie Tyr Lye Tie Leu 
1265 1270 1275 1280 

Leu Leu Gin Ala Tyr Arg Phe His Ala Cys Val Leu Gin Leu Pro Phe 
12B5 1290 1295 

His Gin Gin Val Trp Lye Asn Pro Thr Phe Phe Leu Arg Val lie Ser 
1300 1305 1310 

Agp Thr Ala Ser Leu Cys Tyr Ser lie Leu Lye Ala LyB Aen Ala Gly 

1315 1320 1325 

Met Ser Leu Gly Ala LyG Gly Ala Ala Gly Pro Leu Pro Ser Glu Ala 
1330 1335 1340 

Val Gin Trp Leu Cye His Gin Aj o Phe Leu Leu Lys Leu Thr Arg His 
1345 1350 1355 1360 



Arg Val Thr Tyr Val Pro Leu Leu GLy Ser Leu Arg Thr Ala Gin Thr 
1365 1370 1375 

Gin Leu Ser Arg Lys Leu Pro Gly Thr Thr Leu Thr Ala Leu Glu Ala 
1380 1385 1390 

Ala Ala Asn Pro Ala Leu Pro Ser Asp Phe Lys Thr lie Leu Asp 
1395 1400 1405 



(2) INFORMATION FOR SEQ ID 110:3 35: 

(i) SEQUEUCE CHARACTERISTICS: 

(A) LENGTH: 2 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:335: 



Gly Ser Thr His He Ser His lie Ser His lie Ser His Tie Ser His 

15 10 15 

lie Ser His He Ser His He Ser His He Ser 

20 25 



What is ciaiuied is: 

I, A mammalian cell lhal contains a recombinant poly- 
nucleotide comprising a nucleic acid sequence that encodes 
a telomerase reverse transcriptase proteia, variant, or frag- 45 
meqt having telomerase catalytic activity when coraplexed 
v/ith a telomerase RNA, wherein said recombinant poly- 
nucleotide hybridizes to a DNA having a sequence comple- 
mentary to SEQ ID NO: 1 at S"" C. to 25'' C. below in 
aqueous solution at 1 M NaCl, SO 
wherein is the melting temperature of a complemen- 
tary polynucleotide hybridized to said DNA in aqueous 
solution at IM NaCl, wherein the complementary poly- 
nucleotide is exactly complementary to SEQ ID NO: 1 
and is the same length as the recombinant polynucle- 
otide. 



2. 'Vhc mammalian cell of claim 1, wherein the recombi- 
nant polynucleotide encodes a full-length naturally occur- 
ring human telomerase reverse transcriptase. 

3. I~he mammalian cell of claim 2, which expresses said 
encoding sequence at the mRNA level, as measured by PCR 
amplification. 

4. Tht mammalian cell of claim 1, which expresses said 
encoding sequence al the protein level, as measured by 
immunoassay. 

5. The mammalian cell of claim 1, which has telomerase 
activity, as measured in a primer elongation assay. 

6. The mammalian cell of claim ] , which is a human cell. 

7. The mammalian cell of claim 6, which is a stem cell. 

8. The mammalian ccU of claim 1, which is a stem cell. 

+ ♦ + ♦ ♦ 




US006617110B1 



(12) United States Patent oo) Patent No.: us 6,6i7,iio Bi 

Ccch et al. (45) Date of Patent: Sep. 9, 2003 



(54) CELLS IMMORTALIZED WITH 

TELOMERASE REVERSE TRANSCRIPTASE 
FOR USE IN DRUG SCREENING 

(75) Inventors: Thomas R. Ccch, Boulder, CO (US); 

Joachim Lingner, Epalinges (CH); 
Toru Nakamura, Boulder, CO (US); 
Karen B. Chapman, SausaHio, CA 
(US); Gregg B. Morin, Palo Alto, CA 
(US); Calvin B. Harley, Palo AJto, CA 
(US); William H. Andrews, Richmood, 
CA (US) 

(73) Assignees: Geron Corporation, Menlo Park, CA 
(US); University Technology 
Corporation, Boulder, CO (US) 

( * ) Notice; Subject to any disclaimer, the term of this 
patent is extended or adjusted linder 35 
U.S.C 154(b) by 0 days. 

(21) Appl. No.: 09/721,456 

(22) Filed: Nov. 24, 2000 

Related U.S. Application Data 

(63) Conlinuation of application No. 08/974^549, filed on Nov. 
19, 1997, now Pal. No. 6,166,178, which is a continuation- 
in-part of application No. 08/915,503, filed on Aug. 14, 
1997, now abandoned, which is a continuation-in-part of 
application No. 08/912,951, filed on Aug. 14, 1997, now Pat. 
No. 6,475,789, and a continuation-in-part of application No. 
08/911,312, filed on Aug, 14, 1997, now abandoned, which 
is a continuation-in-part of application No. 08/854,050, filed 
on May 9, 1997, now Pat. No. 6,261,836, which is a 
continual ion -in -pari of application No. 08/851,843, filed on 
May 6, 1997, now Pat. No. 6,093,809, which is a continu- 
ation-in-part of application No. 08/846,017, filed on Apr. 25, 
1997, now abandoned. 

(51) Int. CC C12G 1/68; C12N 9/12; 

C12N 15/09; C12N 5/00; C12Q 1/02 

(52) U.S. CI 435/6; 435/194; 435/69.2, 

435/325; 435/29; 536/23.2 

(58) Field of Search 435/194, 6, 325, 

435/69.2, 29; 536/23.1, 23.2, 23.5 

(56) References Cited 

U.S. PATENT DOCUMENTS 



3,817,837 A 


6/1974 


Tanenholtz et a|. 


3,850,752 A 


11/1974 


Schuurs el al. 


3,939,350 A 


2/1976 


Kjonick et al. 


3,996,345 A 


12/1976 


Ullman et al. , 


4,275,149 A 


6/1981 


Litman et al. 


4,277,437 A 


7/1981 


Maggio 


4,366,241 A 


12/1982 


Tom et al. 


4,683,195 A 


7/1987 


Mollis et aj. 


4,683,202 A 


7/1987 


Mullis 


4,816,567 A 


3/1989 


Cabilly cl al. 


4,965,188 A 


10/1990 


Mullis el al. 


5,489.508 A 


2/1996 


West el at. 


5,583,016 A 


12/1996 


Villeponleau et al. 


5,747,317 A 


5/1998 


Cao 


5,770,422 A 


6/1998 


Collins 


6.093,809 A 


7/2000 


Cech et al. 


6,258,535 BI 


7/2001 


Ville[X)nleau cl al. 



6,261,556 Bl 7/2001 Weinrich et al. 
6,261.836 Bl 7/2001 Cech et al. 

FOREIGN PATCNT DOCUMENTS 



JP 


09154575 A 


6/1987 


wo 


WO 98/08938 


2/1908 


wo 


WO 84/03584 


9/1984 


wo 


WO 95/13382- 


5/1995 


wo 


WO 98/01835 


1/1996 


wo 


wo 98/12811 


5/1996 


wo 


WO 98/19580 


6/1996 


wo 


WO 96/40868 


12/1996 


wo 


WO 98/01542 


1/1998 


wo 


WO 98/01543 


1/1998 


wo 


WO 98/07838 


3/1998 


wo 


WO 98/21343 


5/1998 


wo 


WO 98/37181 


8/1998 


wo 


WO 98/45450 


10/1998 


wo 


WO98/59040 


12/1998 


wo 


WO99/01560 


1/1999 



OTHER PUBLICATIONS 

U.S. patent application Ser No. 08/751,189, Harrington et 
al,, filed Nov. 15, 1996. 

U.S. patent applicalioo Ser. No. 60/038,760, Counter et a!., 
filed Feb. 20, 1997. 

1994 Genome Issue of Science (265:19811). 

Anderson and Young, ''Quanlilativc Filter Hybridization" in 
Nucleic Acid Hybridization pp. 73-111 (1985). 
Ausubel et al.. Current l^rolocols In Molecular Biology, John 
Wiley & Sons, New York NY (1989). 

Aulexier el al., "Reconstitution of human lelomerase activity 
and Identification of a minimal functional region of the 
human telomease RNA," (1998) EMBO J, 15:5928. 
Auxexier and Grclder, "Functional reconstitution of wild- 
type and mutant Tetrahymena telonierase," (1994) Genes 
Develop., 8:583. 

Berger and Kirumel, Guide to Molecualar Cloning Tech- 
niques, Metli. Enzyraol., vol. 152, Academic Press, San 
Diego CA(1987). 

Biessman et al.. "Addition of Telornere-Associaled HeT 
DNA Sequences "Heals" Broken Chromosome End is in 
Drosophila." (1990) Cell, 61:683. 

(List continued on next page.) 

Primary Examiner — Rebecca E. Prouty 
Assistant Examiner — M. Walicka 

(74) Attorney, Agent, or Firm—), Michael Schitl; David J. 
Earp; Scott L. Ausenhus 

(57) ABSTRACT 

The invention provides compositions and methods related to 
tiuman telomerase reverse transcriplase (hTRT). the cata- 
lytic protein subunil of human telomerase. ^fbe polynucle- 
otides and polypeptides of the invention are useful for 
diagnosis, prognosis and treatment of human diseases, for 
changing the proliferative capacity of cells and organisms, 
and for identification and screening of compounds and 
treatments useful for treatment of disea.ses such as cancers. 

39 Clnims, 103 Drawing Sheets 



201 



US 6,617,110 Bl 



202 



SEQUENCE LISTING 

The patent contains a lengthy "Sequence Listing" section. A copy of the ''Sequence Listing" is available in 
electrooic form from the VSVVO web site (hItp://seqdata.uspto.gov/sequeace.html?DocID=66l71lOBl). An electronic 
copy of the "Sequence Listing" will also be available from the USPTO upon request and payment of the fee set forth in 
37 CFR l,-19(b)(3). 



What is claimed is; 

1. A method of drug screening or validation of a dr\ig, 
comprising: 

a) obtaining a drug or drug candidate, 

b) obtaining a cultured mammalian cell comprising a 
nucleic acid sequence that encodes a telomerase reverse 
transcriptase protein, variant, or fragment, wherein said 
variant, or fragment, has leioraerase catalytic activity 
when coraplexed with a telomerase RNA, wherein the 
nucleic acid sequence hybridizes under stringent con- 
ditions to a polynucleotide having a sequence comple- 
mentary to SEQ ID NO: 1, and wherein the expression 
of the protein, variant, or fragment in the cell increases 
the number of divisions the cell can undergo before 
senescence; 

c) administering the drug or drug candidate to the cultured 
cell; and 

d) determining if the drug or candidate has an effect on the 
cell. 

2. The method of claim J, wherein the cell is a human cell. 

3. The method cell of clairii 2, wherein the cell further 
comprises a selectable marker gene. 

4. The method of claim 2. wherein the nucleic acid 
comprises a constitutive promoter. 

5. The method of claim 2, wherein the nucleic acid 
comprises an inducible promoter. 

6. The method of claim 2, wherein the cell is a Uvcr cell. 

7. The method of claim 6, wherein the cell is a hepatocyte. 

8. The method of claim 2, wherein the cell is a nerve cell. 

9. llie method of claim 8, wherein the celJ is a glial cell, 
astrocyte, or oligodendrocyte. 

10. The method of claim 8, wherein the cell is a neuron 
of the central nervous system. 

IL The method of claim 10, wherein the cell is a 
cholinergic or adrenergic cell. 

12. The method of claim 2, wherein the cell is a retinal 
pigmented epithelial cell. 

13. The method of claim 2, wherein the cell is a contractile 
cell. 

14. Tht method of claim 13, wherein the cell is a heart 
muscle cell or smooth muscle cell. 

15. Tht method of claim 2, wherein the cell is a fat cell. 

16. Tlie method of claim 2, wherein the cell is a fibroblast. 

17. The method of claim 2, wherein the cell is a vascular 
endothelial cell. 

18. ^rhe method of claim 2, wherein the cell is a hormone 
secreting cell. 



19. llie method of claim 18, wherein the ceil secretes 
insulin or glucagon. 

20- Th& method of claim 18, wherein the cell is a pituitary 
cell, thyroid hormone secreting cell, or adrenal cclj. 

2L The method of claim 2, wherein the cell is a fat storing 
on cell. 

20 

22. The method of claim 2, wherein the cell is an epithelial 
or mucosal cell. 

23. The method of claim 22, wherein the cell is an oral 
cavity cell, stomach ceD, or intestinal cell. 

25 24. Tlie method of claim 22, wherein the cell is a 
mammary gland, uterus, or prostate cell. 

25. The method of claim 22, wherein the cell is an air 
space epithelial cell or the .lung. 

26. Tlie method of claim 2, wherein the cell is a tubular 
30 cell of the kidney. 

27. ^rhe method of claim 2, wherein the cell is a blood cell 
or a cell of the immune system, 

28. 'Hie method of claim 27, wherein the cell is a Tor B 
lymphocyte. 

29. Tlie method of claim 27, wherein the cell is a mast cell 
or eosinophil. 

30. The method of claim 27, wherein the cell is a 
monocyte or macrophage. 

31. The method of claim 2, wherein the cell is an 

40 

osteoblast, osteocyte, or osteoclast. 

32. 'Hie method of claim 2, wherein the cell is a chon- 
drocyte or synovial cell. 

33. The method of claim 2, wherein the cell is a stem cell. 
45 34. Tlie method of claim 33, wherein the cell is an 

embryonic stem cell. 

35. Tlie method of claim 33, wherein the cell is an 
embryonic germ cell. 

36. The method of claim 33, wherein the cell is an adult 
50 stem cell. 

37. Hie method of claim 2, wherein the nucleic acid 
encodes a full-length, naturally occurring human telomerase 
reverse transcriptase. 

38. The method of claim 2, wherein the nucleic acid 
55 eincodes a full-length, naturally occurring human telomerase 

reverse transcriptase having the amino acid sequence of 
SEQ ID NO: 2. 

39. '^fhe method of claim 1, comprising determining 
whether the drug or drug candidate is' lethal to the cell. 
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The present invention provides TRT aniisense 
oligonucleotides, methods of detecting TRT, methods of 
diagnosing ielon)era.se-relatcd conditions, methods of diag- 
nosing and providing a prognosLs for cancer, and methods of 
treating lelomerasc-related conditions, including cancer. 
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-continued 

SEQUENCE DESCRIPTION: SEQ ID HO: 69: 
GCGTTCTTGG CTTTCAGGAT GGAGTAGCAG 30 

(2) INFORMATIOH FOR SEQ ID NO: 70: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 haee pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

{A) DESCRIPTION: /desc = "phoephorothioate oligonucleotide" 

(xi| SEQUENCE DESCRIPTION: SEQ ID NO: 70: 

GCGGGTGGCC ATCAGTCCAG GATGGTCTTG 30 



(2) INFORHATION FOR SEQ ID HO: 71: 

<i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

<A) DESCRIPTION: /desc = "phosphorothioate oligonucleotide" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 71: 

CAGACTCCCA GCGGTGCGGG CCTGGGTGTG 3 0 



(2) INFORMATION FOR SEQ ID NO: 72: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
{D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "phosphorothioate oligonucleotide" 

(xi) SEQUENCE DESCRIPTION: SEQ 1 D NO : 72: 

AGCCGGACAC TCAGCCTTCA GCCGGACATG 30 



What is claimed is: 

1. A raethod for inhibiting expression of human lelom- 
erase reverse iranscriptase (hTRT) protein in a cell, com- 
prising contacting the cell with an antisense oligonucleoiide 
thai hybridizes to a target DNA having the nucleotide 
sequence of SEQ ID NO:l at 5° C. to 25'' C. below.T^ in 
aqueous solution at 1 M NaCl; 

wherein is the melting temperature of a complemen- 
tary oligonucleotide hybridized to the target DNA in 
aqueous solution at 1 M NaCI, wherein the comple- 
mentary oligonucleotide is exactly complementary to 
SEQ ID N0:1 and the same length as the antisense 
oligonucleotide; and 

wherein hybridization of the antisense oligonucleotide to 
an mRNA encoding hTRT (SEQ ID NOT) inhibits 
expression of the mRNA. 

2. The method of claim 1, wherein the antisense oligo- 
nucleotide hybridizes (o the target DNA at 5° C. below T„,. 

3. The method of claim 1, wherein the amis ease oligo- 
-nucleotide is from 10 to 50 nucleotides in length. 

4. Tiie method of claim 1, wherein the antisense oligo- 
nucleotide is from 20 to 100 nucleotides in length. 



5. The method of clam 1, wherein tlie antisense oligo- 
nucleotide comprises at least 20 nucleotides exactly comple- 
mentary to SEQ ID NOT. 

6. The method of claim 1, wherein the antisense oligo- 
nucleotide comprises at least 30 nucleotides exactly comple- 
mentary to SEQ ID N0:1. ' 

7. The raethod of claim 1, wherein the antisense oligo- 
nucleotide is DNA. 

8. The method of claim 1, wherein the antisense oligo- 
55 nucleotide is RNA. 

9- The method of claim I, wherein the antisense oligo- 
nucleotide contains one or more synthetic nucleotides. 

10. The method of claim 1, wherein the antisense oligo- 
nucleotide contains one or more phosphorothioate oligo- 
nucleotides. 

11. The method of claim I, wherein the antisense oligo- 
nucleotide contains one or more phosphoramidale oligo- 
nucleotides. 

12. Tlie method of claim 1, wherein the aniisense oligo- 
nucleotide is a ribozyme. 

65 13. Ttic method of claim 1, wherein the antisense oligo- 
nucleotide contains a sequence selected from SEQ ID 
NOs:4-72- 
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14. Tht melhod of claim 1, whereby expression of hTRT 
prolein iji ibe ceil is reduced by at least 50%. 

15. The method of claim 1, wherein the antisense nucle- 
otide hybridizes to a target DNA consisting of the first 945 
bp of SEQ. ID N0:1; and whereby expression of hTRT 5 
protein in ibe cell is reduced by at least 75%. 

16. The method of claim 1, wherein the antisense nucle- 
otide. hybridizes to a target DNA coosisling of the first 945 
bp of SEQ. ID N0:1; and whereby expression of hTRT 
protein in the cell is reduced by at least 90%. lo 

17. A method for inhibiting expression of human telom- 
erase reverse transcriptase protein in a cell, comprising 
contacting the cell with a nucleic acid that contains at least 
10 consecutive nucleotides exactly complementary to SEQ 
ID N0:1; J5 

wherein hybridization of the nucleic acid to an raRNA 
encoding hTRT (SEQ ID N0:1) inhibits expression of 
the mRNA. 

18. The method of claim 17, wherein the nucleic acid is 
from 20 to 100 nucleotides in length. 20 

19. T\}t method of claim 17, wherein the nucleic acid 
contains one or more synthetic nucleotides. 

20. The method of claim 17, whereby expression of hTOT 
prolein is reduced by at least 50%. 



,619 B2 

60 

21. The method of claim 17, wherein the 10 consecutive 
nucleotides are exactly complementary to a sequence con- 
tained within the first 945 bp of SEQ. ID N0:1; and whereby 
expression of hTRT protein is reduced by at least 90%. 

22. A method for inhibiting expression of human lelom- 
erase reverse transcriptase protein in a cell, comprising 
contacting the cell with a nucleic acid that contains at least 
20 consecutive nucleotides exactly complementary to SEQ. 
ID NQ:1; 

wherein hybridization of the nucleic acid to an mRNA 
encoding hTRT (SEQ. ID N0:1) inhibits expression of 
the mRNA. 

23. The method of claim 22, wherein the nucleic acid is 
from 20 to 100 nucleotides in length. 

24- The naetbod of claim 22, wherein the nucleic acid 
contains one or more synthetic nucleotides. 

25. The method of claim 22, whereby expression of hTRT 
protein is reduced by at least 50%. 

26. The method of claim 22, wherein the 20 consecutive 
nucleotides are exactly complementary to a sequence con- 
tained within the first 945 bp of SEQ. ID NO:l; and whereby 
expression of hTRT protein is reduced by at least 90%. 

* * * 4. ^. 
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(57) ABSTRACT 

The present invention is directed to novel lelomerase nucleic 
acids and amino acids, fa particular, the present invention is 
directed to nucleic acid and amino acid sequences encoding 
various lelomerase protein subunits and motifs, including 
the 123 t<Da and 43 kDa lelomerase protein subunits of 
Euplotes aediculatus, and related sequences from 
Schizosaccharomyces, Saccharorayces sequences, and 
human (elomerase. The present invention is also directed to 
polypeptides comprising these lelomerase protein subunits, 
as well as functional polypeptides and ribomicleoproteins 
(hat contain these subunits. 
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(D) TOPOLOGY: linear 
(i'i) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Protein 

(B) LOCATION: 1 . .27 

(D) OTHER INFORMATION: /note- "motif B peptide from human 
telonieraee core protein 1 (TCPl)" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 169: 

Arg Ala Thr Ser Tyr Val Gin Cys Gin Gly He Pro Gin Gly Ser He 
1 5 ' 10 15 

Leu Ser Thr Leu Leu Cys Ser Leu Cys Tyr Gly 
20 25 



{2} INFORMATION FOR SEQ ID NO: 170: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: <Un>:nown> 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1 . .22 

(D) OTHER INFORMATION: /note= "motif C peptide from human 
telomerase core protein 1 (TCPl)" 

(xi) SEQUENCE DESCRIPTION: SEQ I D NO : 170: 

Arg Arg Asp Gly Leu Leu Leu Arg Leu Val Asp Asp Phe Leu Leu Val 
15 10 15 

Thr Pro His Leu Thr His 
20 



(2) INFORMATION FOR SEQ ID NO: 171: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: <Unknown> 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

<ix) FEATURE: 

(A) NAME/KEY: Peptide 

(B) LOCATION: 1 . . 15 

(D) OTHER INFORMATION: /note= "motif D peptide from human 
telomerase core protein 1 {TCPl)" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 171: 

Leu Arg Thr Leu Val Arg Gly Val pro Glu Tyr Gly Cys Val Val 
15 10 IS 
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We claim; 

1. A method for detecting the presence of polynucleotide 
sequences encoding at least a portion of telomerase in a 
biological sample, comprising the steps of: 

a) obtaining an amino acid sequence encoded in a poly- 
nucleotide contained in a biological sample; 



b) comparing the amino acid sequence with the telom- 
erase amino acid motif W-X'^'-FI^T-X'-TE, Wherein X 
is any amino acid; and then 

c) determining (hat the sample contains a polynucleotide 
encoding at least a portion of telomerase if the 
sequence obtained in step a) contains said telomerase 
ariiino acid motif. 
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2. The method of claim 1 wherein the telora erase is a 
lelomerasc of a single -celled eukaryote. 

3. The method of claim 1 wherein the lelomerasc is a 
mammalian lelpmerase. 

4. The method of claim 1 wherein the telomerasc is a 
human telomerase. 

5. The method of claim 1 wherein the polynucleotide 
contains SEQ. ID NO; 100. 

6. Tht method of claim 1 further comprising comparing 
the sequence determined in step b) with the reverse tran- 
scriptase motif R-X'^-PK-X^-R-X'-l. 

7. The method of claim 1 fiirther comprising comparing 
the sequence determined in step b) with the reverse tran- 
scriptase motif F-X^-D-X^-CYD. 

8. The method of claim 1 comprising deciding that the 
sample contains a polynucleotide sequence encoding at least 
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a portion of telomerase if the sequence detemiined in step b) 
contains the amino acid motif 

hj-X"-W-h2-X'*-h3-X^-h<,-h5-hs-hrt-FY-X'-TfH, 

wherein 

hj is L or I; 
h2 is L or; 
h3 is V or I; 
h^ is L or 1; 



hg is R Of Q; and 
h^ is S, T or C. 
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ABSTRACT 



TTie present invention is directed to expression vector*; 
comprising a polynucleotide that encodes a human Wak^l- 
erase reverse transcriptase (hTT^T) protein, variant, or frag- 
ment. The present iQvenlion is also direcled lo tiosl cells lhat 
comprise expression vectors comprising a polynucleotide 
that encodes a hTOT protein variant, or fragnienl. 
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Val Val Asn Leu Arg Lys Thr Val Vol Asn Phe Pro Val Glu Aep Glu 
900 905 910 

Ala Leu Gly Gly Thr Ala Phe Val Gin Met Pro Ala His Gly Leu Phe 
915 920 925 

Pro Ttrp Cys Gly Leu Leu Leu Asp Thr Arg Thr Leu Giu Val Gin Ser 
930 935 940 

Asp Tyr Ser Ser Tyr Ala Arg Thr Ser lie Arg Ala Ser Leu Thr Phe 
945 -950 955 960 

Asn Arg Gly Phe Lys Ala Gly Arg Asn Met Arg Arg Lys Leu Phe Gly 
965 970 975 

Val Leu Arg Leu Lys Cys His Ser Leu Phe Lqu Asp Leu Gin Val Asn 
980 985 990 

Ser Leu Gin Thr Val Cys Thr Asn lie Tyr Lys lie Leu Leu Leu Gin 
995 1000 1005 

Ala Tyr Arg Phe His Ala Cys Val Leu Gin Leu Pro Phe His Gin Gin 
1010 1015 1020 

Val Trp Lys Asn Pro Thr Phe Phe Leu Arg Val lie Ser Asp Thr Ala 
1025 1030 1035 X040 

Ser Leu Cys Tyr Ser lie Leu Lys Ala Lys Asn Ala Gly Met Ser Leu 
1045 1050 1055 

Gly Ala Lys Gly Ala Ala Gly Pro Leu Pro Ser Glu Ala Val Gin Trp 
1060 1065 1070 

Leu Cys His Gin Ala Phe Leu Leu Lys Leu Thr Arg His Arg Val Thr 
1075 1080 1085 

Tyr Val Pro Leu Leu Gly Ser Leu Arg Thr Ala Gin Thr Gin Leu Ser 
1090 1095 1100 

Arg Lye Leu Pro Gly Thr Thr Leu Thr Ala Leu Glu Ala Ala Ala Asn 
1105 llIO 1115 1120 



Pro Ala Leu Pro Ser Asp Phe Lys Thr lie Leu Asp 
1125 1130 



What is claimed is: 

1. A recombinant expression vector containing a poly- 
nucleotide that comprises an encoding region for a lelom- 45 
erase reverse transcriptase protein, variant, or {jragment, 

wherein the protein, variant or fragment has telomerase 
catalytic activity when coraplexed with a telomerase 
RNA, and 

wherein a single-stranded DNA consisting of said encod- 50 
ing region hybridizes to a second single-stranded DNA 
at 5° C. to 25° C. below in aqueous solution at 1 M 
NaCl, wherein said second DNA is exactly comple- 
mentary to SEO. ID NO:224, and is the melting 
temperature under the same reaction conditions of 55 
double -stranded DNA having the sequence of SEQ. ID 
NO:224. 

2. The ejcpression vector of claim 1, further comprising a 
promoter, an enhancer, or a 3' untranslated region. 

3. The expression vector of claim 1, selected from a 60 
recombinant bacteriopliage, a plasmid, a cosmid, a yeast 
expression vector, and a viral expression vector. 

4. The expression vector of claim 1, selected from a 
mammalian virus expression vector^ an SV40 virus expres- 
sion vector, an EBV expression vector, an Aufographa 65 
californica nuclear polyhedrosis virus expression vector, an 
adenovims expression vector, a retrovinis expression vector, 



a herpes virus expression vector, and a vaccinia virus 
expression vector. 

5. The expression vector of claim 2, wherein the promoter 
is a constitutive promoter 

6. The expression vector of claim 2, wherein the promoter 
is an inducible promoter. 

I . The expression vector of claim 2, wherein the promoter 
is selected from an alpha factor promoter, an alcohol oxidase 
promoter, a PGH promoter, a 35S promoter of CaMV, a 19S 
promoter at CaMV, a lacZ promoter, a ptrp-Iac hybrid 
promoter, a polyhedrin promoter, a heat shock promoter, a 
RUBISCO promoter, and a storage protein gene promoter. 

8. The expression vector of claira 1, further comprising a 
viral origin of replication. 

9. The expression vector of claira 1, further comprising a 
selectable marker gene. 

10. llie expression vector of claim 9, wherein the select- 
able marker gene is selected from herpes simplex virus 
thymidine kinase, adenine phosphoribosyltransferase, dhfr, 
Dpi, ala, pat, IrpB, hisD, anthocyauin, p-glucuronidase, and 
lucif erase. 

II. A host cell comprising the expression vector of claim 

1. 

12. A host cell comprising the expression vector of claim 

2. 
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13. A host ceil comprisiDg the expression vector of claim 

3. 

14. A host cell comprisiog the expression vector of claim 

4. 

15. An expression vector containing a polynucleotide that 5 
comprises an encoding region for a polypeptide containing 
SEQ. ID NO:225, or fragment thereof that has lelomerase 
catalytic activity when complexed with a telomerase RNA. 

16. Tlie expression vector of claim 15, which is an 
adenovinis expression vector, a retrovirus expression vector, ]0 
a herpes virus expression veclor. or a vaccinia virus expres- 
sion vector. 
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17- The expression vector of claim 15, further comprising 
a constitutive or inducible promoter operably. linked to the 
encoding region. 

18. The expression vector of claim 15, which causes 
expression at telomerase reverse transcriptase in mammalian 
cells, 

19. The expression vector of claim 15, in a composition 
that comprises a pharmaceutically acceptable carrier, 

20. A host cell comprising the expression vector of claim 
15. 

+ ♦ ♦ ♦ ♦ 
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ABSTRACT 



The present invention is directed to novel telomerase nucleic 
acids and amino acids. In particular, the present invention is 
directed to nucleic acid and amino acid sequences encoding 
various telomerase protein subunits and motifs, including 
the 123 kDa and 43 kDa telomerase protein subunits of 
Euploies aediculatuSy and related sequences from 
Schizosaccharomyces, Saccharomyces sequences, and 
human telomerase. The present invention is also directed to 
polypeptides comprising these telomerase protein subunits, 
as well as functional polypeptides and ribonucleoproteins 
that contain these subunits. 
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^ „^^_ -continued 

(2) INFORMATION FOR SEQ ID NO: 22 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: aniino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: peptide 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22 3: 

Lye Lys Lys Lys Lys Lys Lys Lys 
1 5 



We claim; 

1. An isolated cDNAericodiog human telomerase protein, 
wherein said cDNA is contained in plasraid pGRNl21 
having ATCC Deposit Accession No: 209016. 

2. An isolated cDNA encoding human telomerase reverse 
transcriptase protein, wherein the cDNA has the restriction 
map shown in FIG. 49. 

3. An isolated nucleic acid encoding a naturally occurring 
human telomerase reverse transcriptase protein or variant 
thereof, 

wherein the polyoucleolide hybridizes to a nucleic acid 
having the sequence in SEQ ID NO:173 at 5** C. lo 25*^ 
C. below in aqueous solution al J M NaCl. 

4. An isolated cDNA encodiiig a naturally occurring 
human telomerase reverse transcriptase protein, wherein the 
5' lerminus of the CDNA consists of ATG covalenlly Hnked 
lo a nucleotide sequence commencing with CCC GTC CCG 
(coutaincd in SEQ- ID NO:173). 



5. An isolated cDNA encoding human telomerase reverse 
transcriptase protein, wherein the cDNA hybridizes to the 
CDNA insert in plasmid pGRNl21 at 5"* C. to 25° C. below 

in aqueous solijtion at 1 M NaCl. 

6. An Isolated cDNA encoding human telomerase reverse 
transcriptase protein, wherein the cDNA hybridizes to a 
nucleic acid having the sequence in SEQ ID NO: 173 al 5** 
C. to 25*" C. below T„ in aqueous solution a I 1 M NaCl. 

7. The isolated nucleic acid of claim 3, wherein the 5* 
lerminus consists of ATG covalenlly linked to a nucleotide 
sequence commencing with CCC GTC CCG. 

8. Tlie nitcleic acid of claim 3, 

wherein the encoded human telomerase reverse tran- 
scriptase protein comprises the motifs PFYVTO (SEQ. 
ID N0:112), PKP, AYD, OG, and DD. 

9. The nucleic acid of claim 3, which is a cDNA. 
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ABSTRACT 



The present invention is directed to methods of identifying 
in a sample nucleic acids that encode human teloraerase 
reverse transcriptase (hTRT^ or its fragments. Hie present 
invention is also directed to oligonucleotide primers used in 
such methods. The invention is further directed to PCR 
products that hybridize tmder stringenl conditions to a 
polynucleotide encoding hTRT, as well as hybridization 
complexes comprising one strand of a cellular hTRT nucleic 
acid and one strand of nucleic acid comprising a recorabi- 
uaut or synthetic fragment of hTRT 
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Val Trp Lys Asn Pro Thr Phe Phe Leu Arg Val lie Ser Asp Thr Ala 
1025 1030 1035 1040 

Ser Leu Cys Tyr Ser lie Leu Lys Ala Lys Asn Alo Gly Met Ser Leu 
1045 J050 1055 

Gly Alo Lys Gly Ala Ala Gly Pro Leu Pro Ser Glu Ala Val Gin Trp 
1060 1065 1070 

Leu Cys Hie Gin Ala Phe Leu Leu Lys Leu Thr Arg His Arg Val Thr 
1075 1080 1085 

Tyr Val Pro Leu Leu Gly Ser Leu Arg Thr Ala Gin Thr Gin Leu Ser 
1090 1095 1100 

Arg Lys Leu Pro Gly Thr Thr Leu Thr Ala Leu Glu Ala Ala Ala Asn 
1105 ino 1115 1120 

Pro Ala Leu Pro Ser Asp Phe Lys Thr lie Leu Asp 
1125 1130 



What is claimed is: 

1. A method of tdenlifying a nucleic acid thai encodes 
human lelomerase reverse transcriptase (hTRT) or fragment 
thereof in a sample, comprising: 

a) combining (he sample with a polynucleotide probe such 
that the probe hybridizes specifically to the nucleic acid 
if the nucleic acid encodes hTRT or fragment thereof: 

b) delecting any hybrid fonned as a result of a); and 

c) identifying lite nucleic acid as encoding liTOT or 
fragment thereof if (he hybrid is detected; 

wherein (lie probe hybridizes specifically to a DNA hav- 
ing the sequence of the hTOT encoding region of SEQ. 
ID NO:224 at S"" C. to 25" C. below T^ in aqueous 
solution at 1 M NaCl but does not hybridize to a DNA 
having the sequence of SEQ. ID NO :62 under the same 
reaction conditions; 

wherein T^ is the melting temperature of double -stranded 
DNA having the sequence of said encoding region 
under the same reaction conditions. 

2. A method of delecting a nucleic acid that encodes hTRT 
or fragment thereof in a sample, comprising: 

a) combining (he sample with a polynucleotide probe such 
that the probe hybridizes specifically to a nucleic acid 
comprising at least 100 consecutive nucleotides con- 
tained in SEQ. ID NO:224 it present in the sample: 

b) detecting any hybrid formed as a result of a), and 

c) identifying the nucleic acid as encoding hTRT or 
fragment thereof if (he hybrid is detected; 

wherein the polynucleotide probe consists essentially of a 
sequence identical or complementary to 25 or more 
consecutive nucleotides from the hTOT encoding 
region of SEQ. ID NO:224 that are not contained in 
SEQ. ID NO:62. 

3. The method of claim 2, wherein the hTRT nucleic acid 
is human genomic DNA. 

4. Ttie method of claim 2, wherein the hTOT nucleic acid 
IS raRNA or cDNA. 

5- Tlie method of claim 2, wherein the hTOT nucleic acid 
consists essentially of 250 or more nucleotides of SEQ. ID 
NO:224. 

6. The method of claim 2, wherein (be hTRT nucleic acid 
consists essentially of 500 or more nucleotides of SEQ. ID 
NO:224. 



7. The method of claim 2, wherein the probe consists 
essentially of a sequence identical or complementary to 30 

25 or more consecutive nucleotides from the hTRT encoding 
region of SEQ. ID NO:224. 

8. The melliod of claim 2, wherein the probe consists 
essentially of a sequence identical or compleraeulary lo 50 
or more consecutive nucleotides from the hTRT encoding 

30 region of SEQ. ID NO:224. 

9. Tlie method of claim 2, wherein the probe consists 
essentially of a sequence identical or complementary to 100 
or more consecutive nucleotides from (he hTRT encoding 
region of SEQ. ID NO:224. 

35 10. A method of identifying a nucleic acid that encodes 
hTRT or fragment thereof in a sample, comprising: 

a) combining the sample with a polynucleotide primer 
under conditions that (he primer specifically primes 
amplification of SEQ. ID NO:224 or fragment thereof 

40 if present in the sample; 

b) detecting any amplification product formed as a result 
of a); and 

c) identifying the nucleic acid as encoding hTOT or 
fragment thereof if the amplification product is 

45 detected; 

whereiu the primer hybridizes specifically to a DNA 
having the sequence of the hTOT encoding region of 
SEQ. ID NO:224 at 5° C. to 25** C. below T„ in 
aqueous solution at 1 M NaCl, but does ool hybridize 
50 to a DNA having the sequence of SEQ. ID NO:62 under 
the same reaction conditions; 
wherein T^ is the melting temperature of double-stranded 
DNA having the sequence of said encoding region 
under the same reaction conditions. 
55 11. A method of detecting a nucleic acid encoding hTRT 
or fragment thereof in a sample, comprising: 

a) combining (he sample with polynucleotide primers so 
as to prime amplification of nucleic acid, encoding 
hTOT or fragment thereof if present in the sample; 
60 b) detecting any amplified product formed as a result of 
a); and 

c) identifying the nucleic acid as encoding hTOT or 
fragment (hereof if (he amplifica(ion produc( is 
detected; 

65 wherein each of said primers consists essentially of a 
sequence identical or complementary to 15 or more 
consecutive nucleotides from (he hTRT encoding 
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region of SEQ. ID NO: 224, bui at leasl one of the 
primers does not consist sequence identical or comple- 
meqtary to 15 or more consecutive nucleotides from 
SEQ. ID NO:62. 

12. The method of claim 11, wherein eacb of said primers 5 
consists essentiahy of a sequence identical or complemen- 
tary to 30 or more consecutive nucleotides from the hTRT 
encoding region of SEQ. ID NO:224. 

13. The method of claim 11, wherein each of said primers 
consists essentially of a sequence identical or complemen- lO 
tary to 50 or more consecutive nucleotides from the hTOT 
encoding region of SEQ. ID NO:224. 

14. The method of claim 1, wherein a) comprises com- 
bining the sample with the probe at 5° C. to 25° C. below 
in aqueous solution at 1 M NaCl. 15 

15. The method of claim 1, wherein the probe comprises 
a sequence identical or complementary to 100 or more 
consecutive nucleotides from the hTRl^ encoding region of 
SEQ. ID NO:224. 

16. The method of claim 1, wherein the sample has been 20 
taken from a patient having a tumor. 

17. The method of claim 2, wherein the sample has been 
taken from a patient having a tumor. 

IS- The method of claim 10, wherein a) comprises com- 
bining the sample with the primer at 5° C. to 25° C. below 
T^ in aqueous solution at 1 M NaCl. 

19. The method of claim 10, wherein the primer com- 
prises a sequence identical or complementary to 30 or more 
consecutive nucleotides from the hTRT encoding region of 
SEQ. 1D.N0:224. 

20. The method of claim 10, wherein (he sample has been 
taken from a patient having a tumor. 

21. The method of claim 11, wherein the sample has been 
taken from a patient having a tumor. 

22. A method of identifying a nucleic acid that encodes 
human telomerasc reverse transcriptase (hTRI') or fragment 
thereof in a sample, comprising: 

a) combining the sample with a polynucleotide probe such 
that the probe hybridizes specifically to the nucleic acid 
if the nucleic acid encodes hTRT or fragment thereof; 

b) detecting any hybrid formed as a result of a); and 

c) identifying the nucleic acid as encoding hTRT or 
fragment thereof if the hybrid is delected; 

wherein the probe hybridizes specifically to a DMA hav- 
ing a sequence consisting of SEQ. ID NO;62 at 5° C. 
to 25° C below T^ in aqueous solution at 1 M NaCI; 

wherein T^ is the melting temperature of double-stranded 
DNA having the sequence of SEQ. ID NO:62 under the 
same reaction conditions. 

23. The method of claim 22, wherein a) comprises com- 
bining the sample with the probe at 5° C. to 25° C. below T„ 
in aqueous solution at 1 M NaCl. 

24. Tlie method of claim 22, wherein the probe comprises 
a sequence identical or complementary to 100 or more 
consecutive nucleotides from SEQ. ID NO: 62. 

25. The method of claim 22, wherein the probe is a 
fragment of SEQ. ID NO:62. 

26. The method of claim 22, wherein the sample has been 
taken from a patient having a tumor. 

27. A method of detecting a nucleic acid that encodes 
hTRT or fragment thereof in a sample, comprising: 

a) combining the sample with a polynucleotide probe such 
that the probe hybridizes specifically to a nucleic acid 
comprising at least 100 consecutive nucleotides con- 
tained in SEQ. ID NO:62 if present in the sample: 

b) detecting any hybrid formed as a result of a); and 
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c) identifying the nucleic acid as encoding hllVF or 

fragment thereof if the hybrid is delected; 
wherein the polynucleotide probe consists essentially of a 
sequence identical or complementary to 25 or more 
consecutive nucleotides from SEQ. ID NO:62. 

28. The method of claim 27, wherein the probe consists 
essentially of a sequence identical or complementary to 30 
or more consecutive nucleotides from SEQ. ID NO:62. 

29. Tlie method of claim 27, wherein the probe consists 
essentially of a sequence identical or complementary to 50 
or more cotisecutive nucleotides from SEQ. ID NO: 62. 

30. The method of claim 27, wherein the probe consists 
essentially of a sequence identical or complementary to 100 
or more consecutive nucleotides from SEQ. ID NO:62. 

31. ^rhe method of claim 27, wherein the sample has been 
taken from a patient haying a tumor. 

32. A method of identifying a nucleic acid that encodes 
hTRT or fragment thereof in a sample, comprising: 

a) combining the sample with a polynucleotide primer 
under conditions that the primer specifically primes 
amplification of SEQ. ID NO:62 or fragment thereof if 
present in the sample; 

b) detecting any amplification product formed as a result 
of a); and 

c) identifying the nucleic acid as encoding hTRT or 
fragment thereof if the amplification product is 
delected; 

wherein the primer hybridizes specifically to a DNA 
having a sequence consisting of SEQ. ID NO:62 at 5° 
C. to 25° C. below T^ in aqueous solution at 1 M NaO; 
wherein T^ is the melting temperature of double -stranded 
DNA having the sequence of SEQ. ID NO:62 under the 
same reaction conditions. 

33. The method of claim 32, wherein a) comprises com- 
bining (he sample with the prinaer at 5° C. to 25° C. below 
T^ in aqueous solution at 1 M NaCl. 

34. The method of claim 32, wherein the primer com- 
prises a sequence identical or complementary to 30 or more 
consecutive nucleotides from SEQ. ID NO:62. 

35- llie method of claim 32, wherein the probe is a 
fragment of SEQ. ID NO;62. 

36. The method of claim 32, wherein the sample has been 
taken from a patient having a tumor, 

37. A method of detecting a nucleic acid encoding hTRT 
or fragment thereof in a sample, comprising: 

a) combining the sample with polynucleotide primers so 
as to prime amplification of nucleic acid encoding 
hTRT or fragment thereof it present in the sample: 

b) detecting any ampUfied product fanned as a result of a); 
and 

50 c) identifying the nucleic acid as encoding hTOT or 
fragment thereof if the amplification product is 
detected; 

wherein each of said primers consists essentially of a 
sequence identical or complementary to 15 or more 
55 consecutive nucleotides from SEQ. ID NO:62. 

38. The method of claim 37, wherein each of said primers 
consists essentially of a sequence identical or complemen- 
tary to 30 or more consecutive nucleotides from SEQ. ID 
NO:62. 

60 39. The method of claim 37, wherein each of .said primers 
consists essentially of a sequence identical or complemen- 
tary to 50 or more consecutive nucleotides from SEQ. ID 
. NO:62. 

40. The method of claim 37, wherein tlie sample has been 
65 taken from a patient having a tumor. 

+ * + + * 
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ABSTRACT 



The present invention is directed to novel teloraerase nucleic 
acids and amino acids. In particular, the present invention is 
directed to nucleic acid and amino acid sequences encoding 
various leloraenise protein subunits and motifs, including 
the 123 kDa and 43 kDa telomerase protein subujiits of 
Eitplotes aediculatuSy and related sequences from 
Schizosaccharomyces, Saccharomyces sequences, and 
human telomerase. The present invention is also directed to 
polypeptides comprising these telomerase protein subuaiis, 
as v/el! as functional polypeptides and ribonucleoproteins 
that coutain these subunits. 

20 Claims, 78 Drawing Sheets 



275 



US 7,056,513 B2 

-continued 



276 



Pro Trp Cys Gly Leu Leu Leu Aop The Arg The Leu Glu Val Gin Ser 
930 935 940 

Asp Tyr Ser Ser Tyr Aln Arg Thr Ser lie Arg Ala Ser Leu Thr Phe 
945 950 955 960 

Asn Arg Gly Phe Lys Ala Gly Arg Asn Met Arg Arg Lys Leu Phe Gly 
965 970 975 

Val Leu Arg Leu Lys Cys His Ser Leu Phe Leu Asp Leu Gin Val Asn 
980 985 990 

Ser Leu Gin Thr Val Cys Thr Asn lie Tyr Lys He Leu Leu Leu Gin 
995 1000 1005 

Ala Tyr Arg Phe His Ala Cys Val Leu Gin Leu Pro Phe His Gin Gin 
1010 1015 1020 

Val Trp Lys Asn Pro Thr Phe Phe Leu Arg Val He Ser Asp Thr Ala 
1025 1030 1035 1040 

Ser Leu Cys Tyr Ser He Leu Lys Ala Lys Asn Ala Gly Met Ser Leu 
1045 1050 1055 

Gly Ala Lys Gly Ala Ala Gly Pro Leu Pro Ser Glu Ala Val Gin Trp 
1060 L065 1070 

Leu Cys His Gin Ala Phe Leu Leu Lys Leu Thr Arg His Arg Val Thr 
1075 1080 1085 

Tyr Val Pro Leu Leu Gly Ser Leu Arg Thr Ala Gin Thr Gin Leu Ser 
1090 1095 1 100 

Arg Lys Leu Pro Gly Thr Thr Leu Thr Ala Leu Glu Ala Ala Ala Asn 
1105 mo 1115 1120 



Pro Ala Leu Pro Ser Asp Phe Lys Thr He Leu Asp 
1125 1130 



We claim: 

1. All isolated polypeptide that induces anti-hXRT specific 
antibody, consisting of 10 or more consecutive amino acids 
of SEQ. JD NO:225. 

2. The polypeptide of claim 1, containing an amino acid 
sequence selected from SEQ. ID MOrlP, SEQ. JD NO:] 13, 
SEQ. lDNO;114,SEQ- IDNOillS, SEQ. ID N0:116, and 
SEQ. ID NO; 117. 45 

3. The polypeptide of claim 1, which does not retain the 
teloraerase catalytic activity of native human telomerase 
reverse transcriptase. 

4. A pharmaceutical composition comprising the polypep- 
tide of claim X and a pharmaceutically acceptable carrier, 50 

5. An irmnunogem'c composition that induces anti-hTRT 
specific antibody, comprising a peptide and an adjuvant, 
wherein the peptide consists of 10 or more consecutive 
amino acids of SEQ. ID NO:225. 

6. ITie composition of claim 5, wherein the adjuvant is 
selected from Freund's adjuvant, an mineral gel, aluminajn 
hydroxide, lysolecithin, pluronic polyol, a polyanlon, a 
peptide, an oil emulsion, keyhole limpet hemocyanin 
(KLH), dinilrophenol (DNP), Bacillus Calniette-Guerin, and 
Corynebacterium parvum. 

7. A method for eliciting an immune response to telom- 
erase reverse transcriptase protein in a subject, comprising 
administering to the subject the composition of claim 5. 

8. The method of claim 7, further comprising assessing 65 
whether telomerase-specific antibody is produced as a result 

of the administration. 



9. An immunogenic composition that induces anti-liTRT 
specific antibody, comprising a peptide and an adjuvant, 
wherein the peptide consists of 5 to 10 consecutive amino 
acids of SEQ. ID NO:225. 

10. Thie composition of claim 9, wherein the adjuvant is 
selected from Freund's adjuvant, an mineral gel, aluminum 
hydroxide, lysolecithin pluronic polyol, a polyanion, a 
peptide, an oil emulsion, keyhole limpet hemocyanin 
(ICLH), dinilrophenol (DNP), Bacillus Calmette-Guerin, and 
Corynebacterium parvum. 

11. A method for eliciting an immune response to telom- 
erase reverse transcriptase protein in a subject, comprising 
administering to the subject the composition of claim 9. 

12. The method of claim 7, further comprising assessing 
whether telomerase-specific antibody is produced as a result 
of tlie administration. 

13. The polypeptide of claim 1, produced by recombinant 
expression. 

14. The polypeptide of claim 1, produced by chemical 
synthesis. 

15. A chimeric molecule comprising: 

a potypeptide that consists of 10 or more consecutive 

amino acids of SEQ. ID NO:225, and 
an immunogenic second protein, 

whereii^ the polypeptide is fused to the second protein so 
as to form a chimeric molecule that induces anti-hTRT 
specific antibody. 
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16. The chimeric protein of claim 15, wherein the second 
protein is keyhole limpet heraocyanixi. 

17. An immunogenic composition comprising the chi- 
meric protein of claim 15. and an adjuvant. 

18. A chimeric molecule comprising: 

a polypeptide that consists of 5 to 10 consecutive amino 

acids of SEQ. ID NO:225, and 
an immunogenic second protein, 
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wherein the polypeptide is fused to the second protein so 
as to form a chimeric molecule that induces anti-hTRT 
specific antibody. 

19. The chimeric protein of claim 18, wherein the second 
protein is keyhole hmpet hemocyanin. 

20. An immunogenic composition comprising the chi- 
meric protein of claim 18, and an adjuvant. 
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(2) INFORMATION FOR SEQ ID NO: 335: 

(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 2 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: <Unkjiown> 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi> SEQUENCE DESCRIPTION: SEQ ID NO : 3 35: 

Gly Ser The His lie Ser His lie Ser His lie Ser His lie Sec His 
1 5 10 15 

He Ser Hie He Ser His He. Ser His He Ser 
20 25 



What is claimed is: 

1. Ab isolated mamraalian cell comprising a recombinant 
polynucleotide containing a nucleic acid sequence that 
encodes a telomerase reverse transcriptase protein having 
telomerase catalytic activity when complexed with a telom- 
erase RNA, 

wherein the polynucleotide hybridizes to DNA having a 
sequence complemeotaiy to SEQ. ID NO:l at 5^* C. to 
25° C. below in aqueous solution at I M NaCl; 

wherein is the melting temperature at the same reac- 
tion conditions of double-stranded DNA having a 
sequence that consists of the full length of SEQ. ID 
N0:1; and 

wherein the expression of the protein from the recombi- 
nant polynucleotide in the cell increases proliferative 
capacity of the cell. 

2. The cell of claim 1, which is a human cell. 

3. Tlie cell of claim 1, wherein the recombinant poly- 
nucleotide contains a nucleic acid sequence that encodes 
SEQ. ID NO:2, or fragment thereof having telomerase 
catalytic activity when complexed with a telomerase RNA. 

4. The cell of claim 3, wherein the recombinant poly- 
nucleotide contains SEQ. ID NO:l , or fragment thereof that 
encodes a protein having telomerase catalytic activity when 
complexed with a telomerase RNA. 

5. The cell of claim 2, wherein the polynucleotide encodes 
a full-length telomerase reverse transcriptase. 

6. The cell of claim 2, wherein the polynucleotide encodes 
a human telomerase reverse transcriptase having the amino 
acid sequence of SEQ ID NO:2. 

7. The cell of claim 2, which further comprises a select- 
able marker gene. 

8. Tlie cell of claijii 2, wherein the recombinant poly- 
nucleotide comprises a constitutive promoter. 

9. Tlie cell of claim 2, wherein the recombinant poly- 
nucleotide comprises, an inducible promoter. 

30. The cell of claim 2, which is a liver cell. 

11. The cell of claim 10, v/hich is a hepatocyte. 

12. Tlie cell of claim 2, which is a nerve cell. 

13. The cell of claim 12, which is a glial cell, astrocyte, 
or oligodendrocyte. 

14. The cell of claim 12, wiiich is a neiu-on of the central 
nervous system. 
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15. The cell of claim 14, which is a cholinergic or 
adrenergic cell. 

16. The cell of claini 2, which is a retinal pigmented 
25 epithelial cell. 

J 7. The cell of claim 2, which is a contractile cell. 

18. The cell of claim 17, which is a heart muscle cell or 
smooth muscle cell. 

19. The ceil of claim 2, which is a fat cell. 

20. The cell of claim 2, which is a fibroblast. 

21. The cell of claim 2, which is a vascular endothelial 
cell. 

22. The cell of claim 2, which is a hormone secreting ceil. 

23. The cell of claim 22, wherein the cell secretes insulin 
or glucagon. 

24. The cell of claim 22, which is a pituitary cell, thyroid 
hormone secreting cell, or adrenal cell. 

25. The cell of claim 2, which is a fat storing cell. 

26. The eel! of claim 2, wliich is an epithelial or mucosal 
cell. 

27. The cell of claim 26, which is an oral cavity cell, 
stomach cell, or intestinal cell. 

28. The cell of claim 26, which is a mammar>' gland, 
uterus, or prostate Cell. 

29. The cell of claim 26, wliich is an air space epithelial 
cell of the lung. 

30- The cell of claim 2, which is a mbular cell of the 
kidney. 

31. The eel! of claim 2, which is a blood cell or a cell of 
the immune system. 

32. The cell of claim 31, which is a T or B lymphocyte. 

33. The cell of claim 31, which is a mast cell or eosino- 
phil. 

34. The cell of claim 31, which is a monocyte or mac- 
rophage. 

35. The eel! of claim 2, which is an osteoblast, osteocyte, 
or osteoclast. 

36. Tlie cell of claim 2, which is a chondrocyte or sinovial 
cell. 

37. The cell of claim 2, wliich is a stem cell. 

38. The cell of claim 37, which is an adult stem cell. 
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ABSIRACT 



The invention provides compositions and methods related to 
human telomerase reverse transcriptase (hTRT), the cata- 
lytic protein subunit of human telomerase. Catalytically 
active and inactive human telomerase reverse transcriptase 
variants comprising deletions or other mutations are pro- 
vided. 



11 Claims, 2 Drawing Sheets 



us 7,091,021 B2 
35 36 

-continued 



<210> SEQ ID NO 20 
<211> LENGTH: 60 
<212> TYPE: DHA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence:RT6 oligo 
<AQO> SEQUENCE: 20 

gacgggctgc ggccgattgt gaacatggac ctgttcagcg tgctcoacta cgagcgggcg 60 



<210> SEQ ID NO 21 

<211> LENGTH: 60 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence:RT8 oligo 

<4 00> SEQUENCE: 21 

acgtactgcg tgcgtcggta tgccgtggtc accttgacag acctccagcc gtacatgcga 60 



What is claimed is: 

1- A polypeptide encoded by DNA that hybridizes to the 
sequence complementary to SEQ. ID NO:l at 5° C. to 25** 
C. below in aqueous solution at 1 M NaCl, 

wherein is the melting temperature of double-stranded 
DNA having the sequence of SEQ. ID NO:! under the 
same reaction conditions; 
wherein said polypeptide has one or more of the following 
deletions: 

a) residues 560-565, 

b) residues 930-934, 

c) at least 10 consecutive amino acids from residues 
326-415, 

d) at least 10 consecutive amino acids from residues 
637-660, 

e) at least 10 consecutive amino acids from residues 
748-766, 

f) at least 10 consecutive amino acids from residues 
1 055-1 071, or 

g) at least 10 consecutive amino acids from residues 
1084-1 n 6 of SEQ. ID NO:2; 

and wherein said polypeptide inhibits teloraerase enzyme 
activity when introduced into a cell expressing human 
telomerase reverse transcriptase (hTRT) (SEQ- ID 
NO:2). 

2. A polypeptide lacking telomerase enzyme activity, 
wherein said polypeptide comprises full-length hTRT (SEQ 
ID NO: 2), except for one or more deletions(s) selected from 
the group consisting of: 

a) residues 560-5i55, 

b) residues 930-934, 

c) at least 10 consecutive amino acids between residues 
323-450, 

d) at least 10 consecutive amino acids between residues 
637-660, 

e) at least 1 0 consecutive amino acids between residues 
748-766, 

f) at least 10 consecutive amino acids between residues 
1055-1071, or 

g) at least 10 consecutive amino acids between residues 
1084-1116. 



3. A polypeptide lacking telomerase enzyme activity, 
25 wherein said polypeptide comprises full-length hTRT (SEQ. 

ID NO:2), except for one or more deletions(s) consisting 
essentially of residues 560-565, 930-934, 326-415, 
637-660, 748-766, 1055-1071, or 1084-1116, 

wherein said polypeptide lacks teloraerase catalytic activ- 
^0 ity; 

and wherein said polypeptide inhibits telomerase enzyme 
activity when introduced into a cell express'mg hTRT 

4. A method of inhibiting telomerase catalytic activity, 
35 comprising introducing a polypeptide according to claim 1 

into an environment containing telomerase reverse tran- 
scriptase. 

5. A method of inhibiting telomerase catalytic activity in 
a cell, comprising expressing in tlie cell a nucleic acid 

'^^ encoding a polypeptide according to claim 1. 

6. A method of inhibiting teloraerase catalytic activity, 
comprising introducing a polypeptide according to claim 2 
into an environment containing telomerase reverse tran- 
scriptase. 

7. A method of inhibiting telomerase catalytic activity in 
a cell, comprising expressing in the cell a nucleic acid 
encoding a polypeptide according to claim 2. 

8. A metiiod of producing an inactive variant of lelora- 
50 erase reverse transcriptase in a cell, comprising transfecting 

the cell to express a polypeptide according to claim 2. 

9. A method of inhibiting telomerase catalytic activity, 
comprising introducing a polypeptide according to claim 3 
into an environment containing telomerase reverse tran- 

55 sciptase. 

10. A method of inliibiting telomerase catalytic activity in 
a cell, comprising expressing in the cell a nucleic add 
encoding a polypeptide according to claim 3. 

13. A method of producing an inactive variant of telom- 
erase reverse transcriptase in a cell, comprising transfecting 
the cell 10 express a polypeptide according to claim 3. 

+ + + * ♦ 
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<4 00> SEQUENCE: 21 

acgtactgcg tgcgtcggta tgccgtggtc accttgacog acctccagcc gtacatgcga 60 



What is claimed is: 

1. A poiynucleolide encoding a variant of huraaD telom- 
erase reverse transcriptase (hTOl"), said variant having pro- 
cessive catalytic activity and comprising a deletion of a! 
least 10 amino acids from region 192-323 or 415-450 of 
SEQ. ID N0:2. 

2. The polynucleotide of claim 1, wherein the variant 
comprises a deletion of at least 25 amino acids from region 
192-323 or 415-450 of SEQ. ID N0:2. 

3. The polynucleotide of claim 1, further comprising a 
probaoter sequence operably linked to the nucleotide 
sequence encoding the hTRT variant. 

4. The polynucleotide of claim 1 that has a deletion of at 
least one region encoding exactly amino acids 192-323, 
200-323, 200-271, 222-240, or 415^50 of SEQ. ID N0:2. 

5. The polynucleotide of claim 1 that does not comprise 
a deletion in the region encoding amino acids 415-450. 



6. The polynucleotide of claim 5, further comprising a 
promoter sequence operably linked to the nucleotide 
sequence encoding the hTRT variant. 

7. A method for increasing the proliferative capacity of a 
human cell in vitro, comprising expressing the polynucle- 
otide of claim 6 in the cell, thereby increasing its prolifera- 
tive capacity. 

8. A method for increasing the proliferative capacity of a 
human cell in vitro, comprising expressing (he polynucle- 
otide of claim 3 in the cell, thereby increasing its prohfcra- 
tive capacity. 

9. A method for producing a variant telomerase reverse 
transcriptase, comprising expressing the polynucleotide of 
claim 1 in a host cell or in a cell-free expression system, 

10. A cell comprising the polynucleotide of claim 1. 

11. The cell of claim 10, that is a human cell. 

* ♦ ♦ ♦ + 
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What is claimed is: 

1. An isolated oucleic acid comprising a promoter 
sequence that either: 

a) is contained in lambda phage G'(^5 deposited as ATCC 
Accession No. 98505; or 

b) hybridizes to the DNAof lambda phage G4>5 at 5 to 25"* 
C. below the melting temperature (T^) of a double- 
stranded DNA having the sequence of lambda phage 
G(t)5 in aqueous solution at 1 M NaCI; 

wherein the promoter sequence promotes transcriptioa in 
cells endogenously expressing human lelomerase 
reverse transcriptase (hTRT). 

2. An isolated nucleic acid comprising a promoter 
sequence that is at least 80% identical to the 1.8 kilobases of 
SEQ. !D N0:6 that are upstream of the translation initiation 
site; 

wherein the promoter sequence promotes transcription in 
cells cndogenously expressing human telomerase 
reverse transcriptase (hTOT). 

3. The nucleic acid of claim 1, which hybridizes to lambda 
phage G(|)5 at 5"* C. below in aqueous solution at 1 M 
NaCl- 

4. llie nucleic acid of claim 2, wherein the promoter 
sequence comprises at least 100 consecutive nucleotides that 
are at least 90% identical to a sequence coolained in SEQ. 
ID N0:6 within 1.8 kilobases upstream of the Irauslation 
initiation site. 

5. nie nucleic acid of claim 2, wherein the promoter 
sequence comprises at least 200 consecutive nucleotides that 
are at least 90% identical to a sequence contained iu SEQ. 
ID N0:6 within 1.8 kilobases upstream of the translation 
initiation site. 

6. llie nucleic acid of claim 2, wherein the promoter 
sequence comprises the 1.8 kilobases of SEQ. ID N0:6 that 
are upstream of the translation initiation site. 

7. The nucleic acid of claim 2, which is a DNA.' 

8. The nucleic acid of claim 2 contained in a viral vector. 

9. Tiie nucleic acid of claim 8, wherein the viral vector is 
an adenovirus vector or a retrovirus vector. 

10. The nucleic acid of claim 2 contained in a host cell. 

11. The nucleic acid of claim 2, in which the promoter 
sequence is operably linked to a heterologous sequence, 
such that the heterologous sequence is transcribed in eel's 
cndogenously expressing TRT 

12. The nucleic acid of claim 11, wherein the heterologous 
sequence is a reporter gene. 

13. The nucleic acid of claim 12, wherein the reporter 
gene encodes a protein thai is fluorescent, phosphorescent, 
or has enzymatic activity. 

14. The nucleic acid of claim 11, wherein the heterologous 
sequence is a gene which, upon expression in a cell, is toxic 
10 the cell. 

15. Hie nudieic acid of claim 11, wherein the heterolo- 
gous sequence is a gene which, upon expression in a cell, 
renders the cell more susceptible to toxicity of a drug. 
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16. The nucleic acid of claim 15, wherein the gene 
encodes thymidine kinase. 

17. An isolated or recombinant nucleic acid comprising a 
^ promoter sequence containing the 1.8 kB of SEQ. ID N0:6 

upstream of the transcription initiation site for human lelom- 
erase reverse transcriptase (hTRT), or a fragment thereof 
thai promotes transcription in cells endogenously expressing 
hTRT 

10 18. The nucleic acid of claim 17, containing at least 100 
consecutive nucleotides of SEQ. ID NO:6 within 1.8 kilo- 
bases upstream of the translation initiation site. 

19. The nucleic acid of claim 17, containing at least 200 
15 consecutive nucleotides of SEQ. ID N0:6 within 1.8 kilo- 
bases upstream of the translation initiation site. 

20. The nucleic acid of claim 17, further comprising a 
sequence from within the first inlron of SEQ. ID N0:6. 

21. The nucleic acid of claim 17 contained in a viral 

20 

vector. 

22. The nucleic acid of claim 21, wherein the viral vector 
is an adenovirus vector or a retrovirus vector. 

23. The nucleic acid of claim 17, in which Ihe promoter 
25 sequence is operably linked to a heterologous sequence, 

such that the heterologous sequence is transcribed in cells 
endogenously expressing TOT. 

24. The nucleic acid of claim 23, wherein the heterolo- 
3Q gous sequence is a reporter gene. 

25. Hie nucleic acid of claim 24, wherein the reporter 
gene encodes a protein that is fiuorescent, phosphorescent, 
or has enzymatic activity. 

26. ITie nucleic acid of claim 23, wherein the heierolo- 

35 . - . 

gous sequence is a gene whjch, upon expression in a cell, is 

toxic to the cell. 

27. ^rhe nucleic acid of claim 23, wherein the heterolo- 
gous sequence is a gene which, upon expression in a cell, 
renders the cell more susceptible to toxicity of a drug. 

28. The oucleic acid of claim 1 contained in a viral vector. 

29. The nucleic acid of claim 28, wherein the viral vector 
is an adenovirus vector or a retrovirus vector. 

45 30. The nucleic acid of claim 1, in which the promoter 
sequence is operably hnked to a heterologous sequence, 
such that the heterologous sequence is transcribed in ceUs 
cndogenously expressing TRT. 

50 31. The nucleic acid of claim 30, wherein Ihe heterolo- 
gous sequence is a reporter gene. 

32. The nucleic acid of claim 31, wherein the reporter 
gene encodes a protein that is fiuorescent, phosphorescent, ' 
or has enzymatic activity. 

33. The nucleic acid of claim 30, wherein the heterolo- 
gous sequence is a gene which, upon expression in a cell, is 
toxic to the cell. 

34. The nucleic acid of claim 30. wherein the hctcrolo- 

60 . 

gous sequence is a gene which, upon expression in a cell, 
renders the cell more susceptible to toxicity of a drug. 

* ♦ ♦ + * 
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(2) INFORMATION FOR SEQ ID NO: 101: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: anu.no acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 0 1 : 

Leu Leu Arg Phe Xoa Asp Acp Phe Leu Leu Xaa Thr 
1 '5 10 



What is claimed is: 

1. An Lsolaled, purified or recombiDanl polynucleolide 
eacoding a tdomerase reverse transcriptase protein, whereio 
said protein: 

(i) bas at least 90% sequence identity to SEQ. ID N0:2; 

(ii) has telomerase catalytic activity when associated with 
teloraerase RNA component; and 

(iii) contains at least one of the following amino acid 
motifs; 

Motif T: W-X,.-rFY-Xj-TC-X„-R-X3-W; 

Motif 1; LR-X,-IPK; 

Motif 2: R-Xj-I-X,5-K; 

Motif A: P-X3-F-X3-D-X^-^nD; 

Motif B: Y-X4-G-X^-0G-X3-S; 

Motif C: DD-X,-L; or 

Motif D: A-X2-l-X,8-K; 
wherein X^, is a sequence of unspecified amino acids of 
length 

2. An isolated, purified or recombinant polynucleotide 
encoding a telomerase reverse transcriptase protein having 
the amino acid sequence of SEQ. ID N0:2. 

3. An isolated, purified or recombinant polynucleotide 
comprising the sequence of SEQ, ID N0:1, or fragment 
thereof that encodes a protein having teloraerase activity 
when associated with telomerase RNA component; wherein 
the protein contains at least one of the following amino acid 
motifs; 

Motif T: W-X,2-FFY-X,-TC-X„-R-X3-W; 

Motif 1: LR-Xi-IPK; 

Motif 2: R-X,-I-X,5-K; 

Motif A: P-X3-F-X3-D-X4-YD; 

Motif B; Y-X4-G-X2-QG-X3-S; 

Motif C: DD-Xj-L; or 

Motif D: A-X^-F-Xjg-K; 
wherein X„ is a sequence of unspecified amino acids of 
length "n". 

4. An isolated cell transfected with the polynucleolide of 
claim 1, or progeny ihereof. 

5. An isolated cell transfected with the polynucleotide of 
claim 2, or progeny thereof. 



20 6. An isolated cell transfected with the polynucleotide of 
claim 3, or progeny thereof. 

7. Ad expression vector coinprisiDg the polynucleolide of 
claim 1. 

8. An expression vector comprising the polynucleotide of 
claim 2. 

9. The polynucleotide of claim 1, encoding a protein that 
is between about 50 and 150 kDa. 

10. The polynucleotide of claim 1, encoding a protein that 
contains Motif T. 

11. The polynucleotide of claim 1, encoding a protein that 
^0 contains Motif 1 and Motif 2. 

12. The polynucleotide of claim 1, encoding a protein that 
contains Motif A, Motif B, Motif C, and Motif D. 

13. Ilie polynucleotide of claim 1 , encoding a protein that 
contains at least two of said motifs. 

^5 14. The polynucleotide of claim 1, encoding a protein thai 
contains at least four of said motifs. 

15. The polynucleotide of claim 1, encoding a protein that 
contains alJ of said motifs. 

16. The polynucleotide of claim 15, wherein the motifs 
""^ occur in the order indicated in claim 1. 

17. T*he polynucleotide of claim 1, which hybridizes to a 
nucleic acid having the mTERT cDNA sequence in SEQ ID 
N0:1 at 5° C. below T^ in 1 M sodium ion concentration, 
wherein T^ is the melting temperature under the same 

''5 conditions of said nuleic acid hybridized to a complemen- 
tary polynucleotide. 

18- An isolated, purified or recombinant polynucleotide 
encoding a protein that contains SEQ. ID N0:2, or a 
fragment thereof that has telomerase reverse transcriptase 

50 activity when associated with telomerase RNA component. 

19. A method of producing a telomerase protein, com- 
prising expressing the polynucleolide of claim 1 in a host 
cell. 

20. A method of producing a telomerase protein, com- 
55 prising expressing the polynucleotide of claim 17 in a host 
. cell. 

21. A method of producing a telomerase protein, com- 
prising expressing the polynucleolide of claim 18 in a host 
cell. 
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ABSTIMCT 



The present invention is related to novel nucleic acids 
comprising telomerase reverse transcriptase (TCRT) cis- 
acting transcriptional control sequences, including TERT 
human and mouse promoter sequences. The present inven- 
tion is further directed to methods of using these cis-acting 
transcriptional control sequences, for example, to drive 
heterologous gene sequences; to modulate the level of 
transcription of TERT or to isolate novel trans-acting regu- 
latory factors which bind to and modulate the activity of a 
TERT promoter. 
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<4 00> SEQUENCE: 22 

actccagcat ootcttctgc ttccotttct tctcttccct cttttaaoot tgtgttttct 60 

atgttggctt ctctgcagag aaccagtgta agctacaact taacttttgt tggaacaaat 120 

tttccaaacc gcccctttgc cctagtggca gagocaattc acaaacacng ccctttaoaa 180 

aggcttaggg atcactaagg ggotttctag aagagcgacc cgtaatccta agtatttaca 240 

agacgaggct aacctccagc gagcgtgaca gcccagggag ggtgcgaggc ctgttcaaat 300 

gctagctcca taaatanagc aatttcctcc ggcagtttct gaaagtagga aaggttacat 360 

ttaaggttgc gtttgttagc atttcagtgt ttgccgocct cagctacagc atccctgcaa 420 

ggcctcggga gacccagaag tttctcgccc cttagatcca aacttgagca acccggagtc 480 

tggattcctg ggaagtc 497 



<210> SEQ ID HO 23 

<2ll> LEHGTK: 4 25 

<2 12> TYPE: DNA 

<213> ORGANISM; Mug Bp. 

<2 20> FEATURE: 

<223> OTHER INFORMATION: Mouse TERT promoter 
<4 00> SEQUENCE: 23 

caagtgtgca ccaccatgcc ccgcgatatt cttatttttg agactgtttt ctatgctggt 60 
ttctttgggg aactacacta aggtagcttc attgttggca taaatttctc agttcaggcc 120 
catatctcct aagtagcaga actaagcaaa tctcaaacaa acccctcaaa aagactgatg 180 
tccactaaac ggacttctao oatagctcct gtaatcctga gcatttacaa ggcggcogac 2A0 
ctcctotaag ggagtaaata tgaaaacgcg cctgttcaaa tgctaggtcg gtggatagaa 300 
gcaatttcct cagaaagctg aaggcaccaa aggttatatt tgttagcatt tcagtgtttg 360 
ccaaactcog ctacagtaga gatcacagat tccctatttc ccagagattc aaaattcagc 420 
agccc 425 



What is claimed is: 6. The polynucleolide of claim I, wherein the promoler is 

1. A polynucleotide in which a promoler is operably belweeo about 400 lo 900 nucleotides in length. 

linked to a heterologous encoding region, 7. The polynucleotide of claim 1, wherein the promoter is 

wherein Ihe promoler contains a nucleotide sequence that 45 between about 200 lo 400 nucleotides in length. 

is least 90% identical to the sequence from position 8. llie polynucleotide of claim 1, wherein the promoler is 

-117 to position -36 from Ibe translation initiation site between about 100 lo 200 nucleotides in length, 

(position 13545) of SEQ. ID N0:1, - 9. The polynucleotide of claim 1, wherein the encoding 

and where in Ihe promoter causes Ihe encoding region to region encodes human telomerase reverse Iranscriplase. 

be transcribed prcfereniiaUy in human cells that endog- 50 polynucleolide of claim 1, wherein the encoding 

enously express telomerase reverse transcriptase region encodes a reporter protein detectable by fluorescence, 

(TERT) compared with human cells that do not endog- phosphorescence, or enzymatic aclmly 

enousl ex ress TERT polynucleotide of clauB 10^ wherem the reporter 

enous y express . ^ . . , protein is selected from luciferase, glucuronidase, chloram- 

2. The polynucleotide of claim 1, wherem the promoter i ■ i . i * r « . * • n 

. • , r^^rrY 't ' , ptieGicol acclvl Irausferasc, pfecn Huorescent pfotem, aUca- 

contains a nucleotide sequence that is at least 80% identical 55 phosphatase, and galaclosidase. 

to the sequence from position -239 to position -36 from the The polynucleolide of claim 1, wherein said heterolo- 

Iranslation initiation site of SEQ. ID N0:1. ^^^^ encoding region encodes a product that is toxic to the 

3. The polynucleotide of claim 1, wherein ihe promoter cell or renders the ceU more susceptible lo toxicity of a 
contains a nucleotide sequence that is at least 95% identical drug,. 

to the sequence from position -239 to position -36 from the 60 13. The polynucleotide of claim 12, wherein Ihe encoding 

translation initiation site of SEQ. ID N0;1. region encodes a protein selected from ricin, diphtheria 

4. The polynucleotide of claim 1, wherein the promoter loxin, other polypeptide toxins, thymidine kinase, and an 
contains the sequence from position -117 to position -36 enzyme that induces apoptosis. 

from (he translation initiation site of SEQ. ID NO:l. 14. The polynucleotide of claim 12, wherein the dmg is 

5. The polynucleotide of claim 1, wherein the promoter 65 ganciclovir. 

contains the sequence from position -239 to position +1 15. A viral vector comprising the polynucleotide of claim 

from the translation initiation site of SEQ. ID N0:1. \. 
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16. T\ic vector of claim 15, which is an adenovirus vector. 

17. A mammalian cell comprising the polynucleotide of 
claim 1. 

18. A method of expressing an encoding region in a cell, 
comprising contacting the cell in vitro with the polynucle- 
otide of claim 1. 

19. A method of killing a mammalian cell that expresses 
TERT, comprising expressing the polynucleotide of claim 
12 in the cell in vitro, wherein said heterologous encoding 
region encodes a product that is toxic to the cell. 

20- The method of claim 19, wherein the cell that 
expresses TERT is a cancer cell. 

21: A method of screening a compound that modulates 
expression of telomerase reverse transcriptase (TERl}, com- 
prising contacting a cell transfecled with a polynucleotide 
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according to claim 10 with the compound in vitro, and 
correlating any resulting change in expression of the reporter 
protein with an ability of the compound to modulate TERT 
expression. 

5 22. A method of producing a protein, comprising express- 
ing a polynucleotide according to claim 1 in a cell in vitro, 
wherein said heterologous encoding region encodes the 
protein. 

23. A method of killing a mammalian cell that expresses 
10 TERT, comprising expressing the polynucleotide of claim 
12 in the cell in vitro, wherein said heterologous encoding 
region encodes a product that makes the celJ more suscep- 
tible to toxicity of said drug. 

♦ + ♦ ♦ ♦ 
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ABSTRACT 



The invention provides a method of activating a T lympho- 
cyte by contacting the T lymphocyte with a dendritic cell 
(DC) that presents a telomerase reverse iranscriplase (TRl^ 
peptide in the context of a MHC class I or MHC class II 
molecule. The DC may be pulsed with a TRT polypeptide or 
may comprise a recombinagl polynucleotide encoding a 
TRT such as hTRT. I'he invention also provides DCs com- 
prising a recombinant TOT polynucleotide. The methods and 
compositions of the invention are used in prevention and 
treatment of cancers and other cell proliferation diseases or 
conditions. 

22 Claims, 2 Diiiwing Sheets 
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Arg Lys Leu Pro Gly 
X105 

Pro Ala Leu Pro Ser 
1125 



Thr Thr Leu Thr Ala 
1110 

AGp Phe Lys Thr lie 
1130 



Leu Glu Ala Ala Ala Asn 
U15 1120 

Leu Aep 



What is claimed is: 

1. A composition comprising aDligen-presenling cells 
containiog a polypeptide thai comprises at least 6 consecu- 
tive amino acids of lelomerase reverse traoscriptase (TRT; 
SEQ. ID N0:2), and a pharmaceutical carrier suitable for 
human administration; whereupon administration of the 
composition to a human subject induces an anli-TRT immu- 
nological response. 

2. The composition of claim 1, wherein the antigen - 
presenting cells are dendritic cells. 

3. The composition of claim 1, wherein the antigen- 
presenting cells have either been pulsed ex vivo with a 
polypeptide containing said consecutive amino acids, or 
modified ex vivo with a polynucleotide encoding said con- 
secutive amino acids. 

4/The composition of claim 1, wherein the polypeptide 
comprises at least 8 consecutive amino acids of SEQ. ID 
N0:2. 

5. The composition of claim 1, further comprising a 
cytokine. 

6. The composition of claim 5, wherein the cytokine is 
GM-CSFor lL-2. 

7. The composition of claim 1, wherein the immunologi- 
cal response comprises both TTtT-specific antibody and 
TRT-specitic cytotoxic T cells. 

8. A method for preparing the composition of claim 1, 
comprising isolating mononuclear leukocytes from periph- 
eral blood, optionally fractionating or differentiating the 
leukocytes, and then either: 

a) pulsing the leukocytes with a polypeptide containing 
said consecutive amino acids; or 

b) modifying the leukocytes with a polynucleotide encod- 
ing said consecutive amino acids. 

9. The method of claim 8, wherein the leukocytes are 
pulsed with a polypeptide containing 8-12 consecutive 
amino acids of SEQ. ID N0:2. 

10. The method of claim 8, wherein the leukocytes are 
modified with a polynucleotide encoding at last 12 consecu- 
tive amino acids of SEQ. ID N0:2. 



11. A method for eliciting an anti-TOT immunological 
response in a subject, comprising administering to the sub- 
ject the composition of claim 1. 

12. The composition of claim 1, wherein the antigen- 
is presenting cells contain a plurally of such polypeptides. 

13. A method for preparing cytotoxic T cells specific for 
telomerase reverse transcriptase (TRT), comprising combin- 
ing T lymphocytes ex vivo with antigen-presenting celJs 
containing a polypeptide that comprises at least 6 consecu- 
live amino acids of telomerase reverse transcriptase (TRT; 
SEQ. ID N0:2), so as to cause T lymphocytes specific for 
TRT to proliferate. 

14. The method of claim 13, wherein the antigen- 
presenting cells are dendritic cells. 

15. The method of claim 13, wherein the antigen- 
presenting cells have been pulsed ex vivo with the polypep- 
tide. 

16. The method of claim 13, wherein the antigen- 
presenting cells have been modified with a polynucleotide 
ex vivo so as to express the polypeptide. 

17. A cyloloxic T cell produced according to the method 
of claim 13. 

18. A method for providing a subject with T cell immunity 
against largel ceils bearing TRT antigenic peptides, com- 

•^^ prising administering to the subject cytotoxic T cells accord- 
ing to claim 17. 

19. An isolated cytotoxic T cell specific for telomerase 
reverse transcriptase (TRT). 

20. The cytotoxic T cell of claim 19, which is a CD8+ 
''^ Class-I restricted T cell. 

21. A pharmaceutical composition comprising a plurality 
of cytotoxic T cells according to claim 19 in a pharmaceu- 
licaliy acceptable carrier suitable for human administration. 

22. A method for providing a subject with T cell immunity 
against target cells bearing TRT antigenic peptides, com- 
prising administering to the subject cytotoxic T cells accord- 
ing to claim 19. 



